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Helicity form factors for D(s) → Aℓν process in the light-cone QCD sum
rules approach
S. Momeni ∗
Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
The helicity form factors of the D(s) → Aℓ
+ν with A = a−1 , a
0
1, b
−
1 , b
0
1,K1(1270) and K1(1400) are
calculated in the light-cone sum rules approach, up to twist-3 distribution amplitudes of the axial
vector meson A. In the helicity form factors parametrization the unitarity constraints are applied
to the fitting parameters. In addition, the effects of the low-lying resonances are included in series
expansions of aforementioned form factors. The properties of the D(s) → Aℓ
+ν semileptonic decays
are studied by extending the form factors to the whole physical region of q2. For a better analysis,
a comparison is also made between our results and the predictions obtained using transition form
factors via LCSR, 3PSR and CLFQM methods.
I. INTRODUCTION
The weak semileptonic and hadronic decays of charmed mesons, which occur in the presence of strong interaction,
are ideal laboratory candidates to determine the quark mixing parameters and the values of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements and establish new physics beyond the standard model (SM). These meson category
masses are (O 2 GeV), therefore charm decays are helpful to study nonperturbative QCD while, the heavy quark
effective theory (HQET) can also be utilized to study D meson decays [1].
D(s) meson decays can be classified into two categories. The first one, which occurs via c → u ℓ+ℓ− transition at
quark level, is named the flavor changing neutral currents (FCNC) decay. The D → πℓ+ℓ−, D → ρℓ+ℓ−, D → π γ
and D → ρ γ from the first group, are studied using QCD factorization [2]. The second class, which happens by
the semileptonic decay of charm quark c→ d(s)ℓν are analyzed via different approaches. Traditionally, semileptonic
decays are explained in terms of transition form factors as a function of the invariant mass of the electron-neutrino pair,
q2. These form factors which parameterize nonperturbative effects, are measured for D → Kℓν decay in [3], while, the
Light Cone QCD Sum Rule (LCSR) approach is utilized to studying D → π(K, ρ) ℓ ν decays [4–6]. The form factors
of the D+ → (D0, ρ0, ω, η, η′)ℓ+ν and D+s → (D0, φ,K0,K∗0, η, η′)ℓ+ν semileptonic decays have been calculated in
the framework of the covariant confined quark model (CCQM) [7, 8]. The semileptonic decays D → (π, ρ,K,K∗)ℓν
have been studied using the (HQET) in Ref. [9] and the lattice QCD (LQCD) results for the D → π(K,K∗)ℓ ν
processes are reported in [10–12]. In Ref. [13–19] the semileptonic decays D(s) → f0(K∗0 ) ℓ ν, D(s) → π(K) ℓ ν,
and D(s) → K∗(ρ, φ) ℓ ν have been investigated in the framework of the three-point QCD sum rules (3PSR). The
D → a1, f1(1285), f1(1420) and D(s) → K1 ℓ ν transitions as the D(s) decay to the axial vector mesons, have been
calculated by the 3PSR method [20, 21].
In this paper, the helicity form factors for the D(s) decays into axial vectors are calculated with the LCSR. The
helicity form factors which can be obtained by contracting the W (or Z) boson polarization vectors and the transition
matrix elements, are also functions of q2. The relations among the D(s) → A transition matrix elements, transition
form factors and the helicity ones are presented in Table I.
Matrix element Transition form factors Helicity form factors
〈A|s¯(d¯, u¯) γµγ5c|D(s)〉
〈A|s¯(d¯, u¯) γµc|D(s)〉
A
V0, V1, V2
}
HV,0
HV,1, HV,2
〈A|u¯ σµνγ5qνc|D(s)〉
〈A|u¯ σµνqνc|D(s)〉
T1(q
2)
T2(q
2), T3(q
2)
}
HT ,0
HT ,1, HT ,2
TABLE I: The D(s) → A decay hadronic matrix elements with the corresponding transition and helicity form factors. In this
table V and T stands for the vector and tensor current, respectively.
There are some advantages in using the helicity form factors:
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21) Diagonalizable unitarity relations can be imposed on the coefficients of the helicity form factor parameterization.
2) In the helicity form factors, the contributions from the excited states and the spin-parity quantum numbers are
considered by relating the dominant poles in the LCSR predictions to low-lying resonances (for more detailed, see
[22]).
The masses and quantum numbers JP of low-lying D(s) resonances with the relations among the helicity form
factors are provided in Table II. These masses will be used in the helicity form factors parameterizations. Notice that
the mass values for Ds(1
−) and none of the (1+) states predicted in [23] have been experimentally confirmed yet.
Dmeson Mass(Gev) Dmeson Mass(Gev)
JP = 1−,
HV,1
{ D+
D0
Ds
2.01
2.00
2.11
JP = 1+,
HV,0,HV,2
{ D+
D0
Ds
2.35
2.35
2.46
TABLE II: The masses of low-lying D(s) resonances and their relations to the helicity form factors. The masses are taken form
PDG values [24] and the heavy-quark chiral symmetry approach [23].
In [25], the helicity form factors are calculated via LCSR approach for B → ρ decay. In this paper, these form
factors are evaluated for D0 → a−1 (b−1 )ℓ+ν, D+ → a01(b01)ℓ+ν and D(s) → K1ℓ+ν decays, which are described by
c → d ℓν transition at quark level. The form factors are also estimated for the c → s ℓν transition in D+ → K1ℓ+ν
decay. Here the physical states K1 = K1(1270),K1(1400) are the mixtures of the K1A and K1B in terms of a mixing
angle as [26]:
|K1(1270)〉 = sin θK |K1A〉+ cos θK |K1B〉,
|K1(1400)〉 = cos θK |K1A〉 − sin θK |K1B〉, (1)
where |K1A〉 and |K1B〉 are not mass eigenstates. The mixing angle θK is determined by various experimental
analyses. The result 35◦ ≤ |θK | ≤ 55◦ was reported in Ref. [27]. Moreover, two possible solutions were obtained
as |θK | ≈ 33◦ ∨ 57◦ in Ref. [28] and as |θK | ≈ 37◦ ∨ 58◦ in Ref. [29]. Using the study of B → K1(1270)γ and
τ → K1(1270)ντ decays, the value of θK is estimated as [30]
θK = −(34± 13)◦. (2)
In this study, the branching ratio values are reported for the D(s) → K1ℓ+ν decays at θK = −(34± 13)◦.
Our paper is organized as follows: In Sec. II by using the LCSR, the form factors of D(s) → A decays are derived.
Section. III, is devoted to the numerical analysis of the form factors and the branching ratios for semileptonic and
decays. A comparison of our results for the branching ratios with the other approaches and existing experimental
data is also made in this section and the last section is reserved for summary.
II. LIGHT CONE QCD SUM RULES FOR D0 → a−1 ℓν HELICITY FORM FACTORS
To calculate the helicity form factors of D0 → a−1 ℓν decay, the following correlation function is considered:
Πa1σ (pi, pf ) =
√
q2
λ
∑
α
ε∗µσ
∫
d4x eiqx〈a−1 (pf , εα)|T { jintµ (x) j†D0 (0)}|0〉, (3)
where pi, pf = (p
0
f , 0, 0, | ~pf |) and q = pi − pf are the four-momentum of the D0, a−1 and W -boson, respectively.
Moreover, jintµ = d¯γµ(1 − γ5)c is the interaction current for D0 → a−1 process and jD0 = iu¯ γ5 c is the interpolating
current for D0 meson. In Πa1σ expression, εα and εσ denote the polarization for a1 meson and W -boson, respectively
as
εα=0 =
1
ma−1
(| ~pf |, 0, 0, p0f), (4)
εα=± = ∓ 1√
2
(0, 1,∓i, 0), (5)
εσ=0 =
1√
q2
(|~q|, 0, 0,−q0), (6)
3with |~pf | =
√
λ/2mD0 , p
0
f = (m
2
D0 +m
2
a
−
1
− q2)/2mD0 , |~q| = |~pf | and q0 = (m2D0 −m2a−1 + q
2)/2mD0. Also, λ =
(t− − q2)(t+ − q2) with t± = (mD0 ±ma−1 )
2. Moreover, εσ=± has similar definition as εα=±.
For off-shell W -boson, εσ=1 and εσ=2 are linear combinations of the transverse (±) polarization vectors as
εσ=1 =
(εσ=−)− (εσ=+)√
2
= (0, 1, 0, 0), (7)
εσ=2 =
(εσ=−) + (εσ=+)√
2
= (0, 0, i, 0). (8)
In the Light Cone QCD sum rules approach, the correlation function is given in Eq. (3), should be calculated in
phenomenological and theoretical representations. Helicity form factors are found to equate both representations of
the correlation function through dispersion relation.
The phenomenological side can be obtained by inserting a complete series of the intermediate hadronic states with
the same quantum numbers as the interpolating current jD0 . After separating the lowest D
0 meson ground state and
applying Fourier transformation, Πa1σ is obtained as:
Πa1σ =
√
q2
λ
∑
α
ε∗µσ
〈a−1 (pf , εα)|d¯ γµ(1− γ5) c|D0〉〈D0|j†D0(0)|0〉
(m2
D0
− p2i )
+
1
π
√
q2
λ
∑
α
ε∗µσ
∫ ∞
0
ρhµ(s)
s− p2 ds, (9)
where, ρµ is the density of higher states and continuum which can be approximated using the ansatz of the quark-
hadron duality as
ρhµ(s) = ρ
QCD
µ (s)θ(s − s0), (10)
where, ρQCDµ =
1
π
Im(ΠQCDµ ) is the perturbative QCD spectral density and s0 is the continuum threshold in D
0
channel. Now, the following definitions are used for the first and second matrix elements in Eq. (9):√
q2
λ
∑
α
ε∗µσ 〈a−1 (pf , εα)|d¯ γµ(1 − γ5) c|D0〉 = Ha
−
1
σ , 〈D0|j†D0(0)|0〉 =
fD0 m
2
D0
mc
, (11)
where Ha
−
1
σ , fD0 and mD0 are the helicity form factor of D
0 → a−1 ℓν decay, the decay constant and mass of the D0
meson, respectively. The final result for phenomenological part of correlation function is obtained as:
Πa1σ =
fD0 m
2
D0
mc
Ha
−
1
σ
(m2
D0
− p2i )
+
1
π
√
q2
λ
∑
α
ε∗µσ
∫ ∞
0
ρhµ(s)
s− p2 ds, (12)
To evaluate the correlation function Πa1σ in QCD side, the T product of currents should be expanded near the light
cone x2 ≃ 0. After contracting c quark field,
Πa1σ (pi, pf) = −i
√
q2
λ
∑
α
ε∗µσ
∫
d4x eiqx〈a−1 (pf , εα)|d¯(x)γµ (1− γ5)Sc(x, 0) c(0)}|0〉, (13)
is obtained. Where Sc(x, 0) is the full propagator of the c quark. In this paper, the contributions from the gluon
contributions have been neglected and only the free propagator is considered as:
Sc(x, 0) =
∫
d4l
(2π)4
e−il.x
6 l +mc
l2 −m2c
(14)
Replacing Eq. (14) in theoretical part of Πa1σ (pi, pf ) yields:
Πa1σ (pi, pf ) = −i
√
q2
λ
∑
α
∫
d4l
(2π)4
∫
d4x
ei(q−l)x
l2 −m2c
×
{
ε∗µσ l
ν〈a−1 (pf , εα)|d¯(x)γµγνγ5c(0)|0〉+ ε∗µσ lν〈a−1 (pf , εα)|d¯(x)γµγνc(0)}|0〉
+mc ε
∗µ
σ 〈a−1 (pf , εα)|d¯(x)γµγ5c(0)}|0〉 −mc ε∗µσ 〈a−1 (pf , εα)|d¯(x)γµc(0)}|0〉.
}
. (15)
4As it is clear from Eq. (15), to calculate the theoretical part of the correlation function, the matrix elements of the
nonlocal operators between a−1 meson and vacuum state are needed. Two- particle distribution amplitudes for the
axial vector mesons are given in [31], which are put in the Appendix.
In this step, two-particle LCDAs are inserted in Eq. (15), and then integrals over x and l should be evaluated. To
estimate these calculations, the following identities are utilized:
γµγν = gµν − iσµν , (16)
γµγνγ5 = gµνγ5 − 1
2
εµνρβσ
ρβ , (17)
γ5σ
µν = − i
2
σρβεµνρβ , (18)
ǫκνβµ ǫ
νβρω = 2 (δρκ δ
ω
µ − δωκ δρµ). (19)
Now, to get the LCSR calculations for the D0 → a−1 ℓν helicity form factors, the expressions for σ = 0, 1, 2 from both
phenomenological and theoretical sides of the correlation function are equated and Borel transform is applied with
respect to variable p2i as:
Bp2
i
(M2)
1(
p2i −m2D0
)n = (−1)nΓ(n) e−
m
2
D0
M2
(M2)n
, (20)
which eliminates the subtraction term in the dispersion relation and exponentially suppresses the contributions of
higher states. Finally, the helicity form factors for D0 → a−1 ℓν, transition are obtained in the LCSR as
Ha
−
1
0 =
mcfa−1
fD0m
2
D0
{
− mc
4
∫ 1
u0
du
[Φi⊥(u)− gi,(a)⊥ ]
√
λ
u2M2
e
s(u)
M2 +
mc√
λ
∫ 1
u0
du
g
i,(a)
⊥ θ1(q
2)
u
e
s(u)
M2
+
ma−1
4
∫ 1
u0
du
h
(p)
‖ (u) (u + 1)
√
λ
u2M2
e
s(u)
M2 +
f⊥
a
−
1
ma−1
fa−1
∫ 1
u0
du
Φ⊥(u)
u
[
2 θ1(q
2) θ2(q
2, u) + λ√
λ
] e
s(u)
M2
+
4 f⊥
a
−
1
ma−1
fa−1
∫ 1
u0
du
h¯
ii,(t)
‖ (u)
√
λ
u2M2
[1 +
θ3(q
2, u)− θ2(q2, u)
M2
] e
s(u)
M2 +
4 f⊥
a
−
1
ma−1
fa−1
×
∫ 1
u0
du
h¯
ii,(t)
‖ (u)
u2
[1− θ2(q
2, u)
M2
] e
s(u)
M2
}
, (21)
Ha
−
1
1 = −
mcfa−1
fD0m
2
D0
√
q2
2
{
mcma−1
2
∫ 1
u0
du [
g
(a)
⊥
u
√
λ
+
g
(v)
⊥
u2 M2
] e
s(u)
M2 −
8 f⊥
a
−
1
fa−1
∫ 1
u0
du
Φ⊥(u)
u
e
s(u)
M2
−
32 f⊥
a
−
1
m2
a
−
1
fa−1
∫ 1
u0
du
h¯
ii,(t)
‖ (u)
u2 M2
e
s(u)
M2 −
4 f⊥
a
−
1
fa−1
∫ 1
u0
du
Φ⊥(u) θ2(q2, u)
u
√
λ
e
s(u)
M2 +
4 f⊥
a
−
1
m2
a
−
1
fa−1
×
∫ 1
u0
du
h¯
ii,(t)
‖ (u)
u2
√
λ
[1− θ2(q
2, u)
M2
] e
s(u)
M2
}
, (22)
Ha
−
1
2 =
mcfa−1
fD0m
2
D0
√
q2
2
{
mcma−1
2
∫ 1
u0
du [
g
(a)
⊥
u
√
λ
− g
(v)
⊥
u2 M2
] e
s(u)
M2 −
8 f⊥
a
−
1
fa−1
∫ 1
u0
du
Φ⊥(u)
u
e
s(u)
M2
−
32 f⊥
a
−
1
m2
a
−
1
fa−1
∫ 1
u0
du
h¯
ii,(t)
‖ (u)
u2 M2
e
s(u)
M2 +
4 f⊥
a
−
1
fa−1
∫ 1
u0
du
Φ⊥(u) θ2(q2, u)
u
√
λ
e
s(u)
M2 −
4 f⊥
a
−
1
m2
a
−
1
fa−1
×
∫ 1
u0
du
h¯
ii,(t)
‖ (u)
u2
√
λ
[1− θ2(q
2, u)
M2
] e
s(u)
M2
}
, (23)
where, Φ‖, Φ⊥ are twist-2, g
(a)
⊥ , g
(v)
⊥ , h
(t)
‖ and h
(p)
‖ are twist-3 functions and h¯
(t)
‖ = h
(t)
‖ − 12Φ⊥(u). Moreover, fa−1 and
5f⊥
a
−
1
are scale-independent scale-dependent decay constants of the a−1 meson, respectively [31]. We also have:
u0(s0) =
1
2m2
a
−
1
[√
(s0 −m2
a
−
1
− q2)2 + 4m2
a
−
1
(m2c − q2)− (s0 −m2a−1 − q
2)
]
,
s(u) = − 1
u
[
m2c + u u¯m
2
a
−
1
− u¯q2 − um2D0
]
,
θ1(q
2) =
1
2
(m2D0 −m2a−1 −m
2
a
−
1
q2
m2
D0
),
θ2(q
2, u) =
1
u
(3 u2 m2
a
−
1
+ q2 −m2c),
θ3(q
2, u) =
1
u
(−2 u u¯ m2
a
−
1
+ 2u¯q2 −m2c),
f (i)(u) ≡
∫ u
0
f(v)dv, f (ii)(u) ≡
∫ u
0
dv
∫ v
0
dω f(ω). (24)
The explicit expressions for twist functions are presented in the Appendix.
Following the previous steps in this section, phrases similar to Eqs. (21, 22, 23) can be obtained for the helicity form
factors of D0 → b−1 ℓ+ν, D+ → a01(b01)ℓ+ν, D0 → K1Aℓ+ν, D0 → K1Bℓ+ν, Ds → K1Aℓ+ν as well as Ds → K1Bℓ+ν
decays. For the physical states K1(1270) and K1(1400) the following relations are used:
HK1(1270)σ = sin θK HK1Aσ + cos θK HK1Bσ ,
HK1(1400)σ = cos θK HK1Aσ − sin θK HK1Bσ .
III. NUMERICAL ANALYSIS
Our numerical analysis for the helicity form factors and branching ratio values of the semileptonic D(s) → Aℓ+ν,
are presented in two subsections. The helicity form factors of the semileptonic D+ → a01(b01,K01A,K01B)ℓ+ν, D0 →
a−1 (b
−
1 )ℓ
+ν, and D+s → K01A(K01B)ℓ+ν decays are evaluated in the first subsection. In the second ones, using these
form factors, the branching ratio values are estimated for considering decays.
In this work, masses are taken in GeV as GeV as mc = (1.28 ± 0.03), mD+(D0) = 1.86, mDs = 1.96, ma1 =
(1.23± 0.40), mb1 = (1.23± 0.32) [24], mK1A = (1.31± 0.06) and mK1B = (1.34± 0.08) [31]. The results of the QCD
sum rules are used for decay constants of D and Ds and axial vector mesons in MeV, as fD+(D0) = (210 ± 12) and
fDs = (246± 8) [32], fa1 = (238± 10), fb1 = (180± 8), fK1A = (250± 13) and fK1B = (190± 10) [31]. We can take
fA = f
⊥
A at energy scale µ = 1GeV [31]. The values of Gegenbauer moment for the axial vector mesons, can be found
in [31].
A. Analysis of helicity form factors
The formulas of helicity from factors, Eqs. (21, 22, 23), contain two free parameters s0 and M
2, which are the
continuum threshold and Borel mass–square, respectively. In this paper the values of continuum threshold are chosen
as s0 = (7 ± 0.2) GeV2 [21] and working region for M2 is provided that the contribution of higher states as well as
higher twist contributions, be small.
Fig. 1 shows the dependence of the D0 → a−1 helicity form factors with respect to M2. Since Hσ=1,2 vanish at
q2 = 0, these two form factors are plotted at q2 = 0.01 GeV2. It is easily seen from Fig. 1, that the form factors Ha
−
1
0 ,
Ha
−
1
1 andHa
−
1
2 obtained from the sum rules, can be stable within the Borel parameter intervals 5 GeV
2 < M2 < 8 GeV2.
The contributions of twist-2 and twist-3 distribution amplitudes and higher states in the D0 → a−1 helicity form
factors, with respect to M2, are displaced in Figs. 2 and 3. It can be observed that at the above-mentioned interval
from Borel mass, the higher twist contributions as well as higher states, are suppressed. Our numerical analysis shows,
that the contribution of the higher states is smaller than about 8% of the total value.
Using all the input values and parameters, the helicity form factors can be evaluated as a function of q2. The values
of H0 for aforementioned decays at the zero transferred momentum square q2 = 0 are presented in Table III. In this
table, the contributions of twist-2 distribution amplitudes are also reported. The main uncertainty in H0(q2 = 0)
comes from c quark mass mc and Φ⊥ light cone distribution amplitude.
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FIG. 1: D0 → a−1 helicity form factors as functions of M
2. For Ha10 we take q
2 = 0 while, for Ha11,2 the results are plotted at
q2 = 0.01 GeV2. The threshold parameter is taken s0 = (7± 0.2) GeV
2 for every plot.
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FIG. 2: The contributions of twist-2 and twist-3 distribution amplitudes in the D0 → a−1 helicity form factors on M
2 and
s0 = 7 GeV
2. The values of q2 are taken as Fig. 1.
In order to extend LCSR prediction to the whole physical region, m2ℓ ≤ q2 ≤ (mD(s) − mA)2, we use the series
process H0(q
2 = 0) Twist-2 process H0(q
2 = 0) Twist-2
D0 → a−1 ℓ
+ν 0.67+0.26−0.08 0.56
+0.21
−0.05 D
0 → b−1 ℓ
+ν −0.76+0.22−0.19 −0.62
+0.16
−0.10
D+ → a01ℓ
+ν 0.46+0.18−0.05 0.38
+0.14
−0.03 D
+ → b01ℓ
+ν −0.53+0.15−0.13 −0.43
+0.11
−0.10
D → K1Aℓ
+ν 0.51+0.20−0.04 0.40
+0.15
−0.03 D → K1Bℓ
+ν −0.95+0.25−0.21 −0.83
+0.21
−0.15
Ds → K1Aℓ
+ν 0.31+0.14−0.12 0.21
+0.11
−0.08 Ds → K1Bℓ
+ν −0.40+0.15−0.18 −0.32
+0.11
−0.12
TABLE III: Helicity form factor H0 as well as contribution of twist-2 distribution amplitudes of the D
+ → a01(b
0
1) ℓ
+ν,
D0 → a−1 (b
−
1 ) ℓ
+ν, D → K1A(K1B) ℓ
+ν and Ds → K1A(K1B) ℓ
+ν decays at q2 = 0.
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FIG. 3: D0 → a−1 helicity form factors as a function of M
2 for s0 = 7 GeV
2 as well as the higher states contributions in these
form factors. The values of q2 are chosen as Fig. 1.
expansion given in [22] as:
HA0 (q2) =
1
z(q2,m2Dr
(s)
)
√
z(q2, t−)φ(q2)
∑
k=0,1
aA,0k z
k(q2, t0), (25)
HA1 (q2) =
√
−z(q2, 0)
z(q2,m2Dr
(s)
)φ(q2)
∑
k=0,1
aA,1k z
k(q2, t0), (26)
HA2 (q2) =
√
−z(q2, 0)
z(q2,m2Dr
(s)
)
√
z(q2, t−)φ(q2)
∑
k=0,1
aA,2k z
k(q2, t0), (27)
where
z(q2, t) =
√
t+−q2−√t+−t√
t+−q2+√t+−t
, (28)√
−z(q2, 0) =
√
q2/mDr
(s)
, (29)
where t = t0, t−, mD(s) with t± = (mD(s) ± mA)2 and t0 = t+(1 −
√
1− t−/t+). Moreover, Dr(s) shows the
resonance states are given in Table II. The function φ(q2) is given by [33]:
φ(q2) =
√
3t+t−
32πχ0
(
z(q2, 0)
−q2
)2 (
z(q2, t0)
t0 − q2
)−0.5 (
z(q2, t−)
t− − q2
)−0.25 (
(t+ − q2)2
t+ − t0
)0.25
, (30)
where χ0 has been calculated using OPE and is given by [22]:
χ0 =
1 + 0.751αs(mc)
8π2
(31)
It should be noted that for the functions
√
z(q2, t−) and φ(q2) the replacement mD(s) → mDr(s) must be made. For
the series expansion parameterizations 25, 26 and 27, the unitarity constraints are obtained as [22]:∑
k=0,1
{
(aA,0k )
2 + (aA,1k )
2 + (aA,2k )
2
}
≤ 1 (32)
We use parameter ∆ defined as:
∆ =
∑
q2
∣∣HAσ (q2)−HA,fitσ (q2)∣∣∑
q2 |HAσ (q2)|
× 100, (33)
where 0 ≤ q2 ≤ (mD(s) −mA)2/2 to estimate quality of fit for each helicity form factor. Table IV includes the values
of aσ1 , a
σ
2 and ∆ for the helicity form factors of the semileptonic decays. For these results all the input parameters are
8TABLE IV: Values of b0, b1 and b2 related to F
(1)(q2) for the fitted form factors of D(s) → a1, b1,K1A and K1B transitions.
Form factor a1 a2 ∆ Form factor a1 a2 ∆
H
D0→a
−
1
0 0.05 −0.95 0.36 H
D0→b
−
1
0 −0.10 0.49 0.32
H
D0→a
−
1
1 −0.07 −0.56 0.26 H
D0→b
−
1
1 0.12 −0.54 0.17
H
D0→a
−
1
2 −0.12 0.83 0.24 H
D0→b
−
1
2 0.10 −0.87 0.50
H
D+→a01
0 0.03 −0.67 0.35 H
D+→b01
0 −0.07 0.34 0.31
H
D+→a01
1 −0.04 −0.39 0.26 H
D+→b01
1 0.08 −0.38 0.16
H
D+→a01
2 −0.09 0.59 0.24 H
D+→b01
2 0.07 −0.61 0.48
HD→K1A0 0.12 −0.54 0.57 H
D→K1B
0 −0.04 0.68 0.83
HD→K1A1 −0.09 −0.85 0.30 H
D→K1B
1 0.16 −0.71 0.57
HD→K1A2 −0.02 0.08 0.29 H
D→K1B
2 0.16 −0.90 0.54
HDs→K1A0 0.02 0.85 0.17 H
Ds→K1B
0 −0.05 0.72 0.22
HDs→K1A1 −0.07 −0.76 0.05 H
Ds→K1B
1 0.12 −0.82 0.19
HDs→K1A2 −0.01 −0.14 0.05 H
Ds→K1B
2 0.04 −0.77 0.11
set to be their central values. As it can be seen from the values of ∆ parameters, are reported in IV, the fit functions
25, 26 and 27 cover the LCSR predictions for the helicity form factors.
The dependence of the form factors H0, H1 and H2 for D0 → a−1 and D0 → b−1 transitions on q2 are plotted in Fig.
4. In these plots, the LCSR results and the fitted form factors are displaced with circles and black lines, respectively.
Moreover, the shaded regions are obtained using upper and lower values of the input parameters.
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FIG. 4: D0 → a−1 and D
0 → b−1 helicity form factors as a function of q
2. Circles show the results of the LCSR while, black
lines show the fitted form factors in the whole physical regions. The shaded bands stand for the results correspond the upper
and lower values of the input parameters.
9B. Analysis of the branching ratios
Now, we are ready to estimate the branching ratio values for the semileptonic D(s) → Aℓν decays. The differential
decay width of considered semileptonic decays is evaluated in SM as:
dΓ(D(s) → Aℓν)
dq2
=
√
λG2F |Vcq′ |2
192 π3m3D(s)
{
[HA0 (q2)]2 + [HA1 (q2)]2 + [HA2 (q2)]2
}
, (34)
where Vcq′ = Vcd(Vcs) is used for c → d(s) ℓν transition. To calculate the branching ratios, the total mean life time
τD0 = 0.41, τD+ = 1.04 and τD+s = 0.50 ps [24] are used for the D(s) states. The differential branching ratios of
D0 → a−1 (b−1 )ℓν with their uncertainly regions, are plotted with respect to q2 in Fig. 5. Moreover, our results for the
branching ratio values of the semileptonic decaysD0 → a−1 (b−1 )ℓν andD+ → a01(b01)ℓν decays as well as the estimations
of the other approaches are presented in Fig. 6. The predictions of LCSR, 3PSR and CLFQM are calculated by using
transition form factors.
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FIG. 5: The differential branching ratio of D0 → a−1 and D
0 → b−1 decays as a function of q
2. The shaded intervals show the
results obtained using the upper and lower values of the input parameters.
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FIG. 6: Our predictions for branching ratio values of the semileptonic D0 → a−1 (b
−
1 )ℓν and D
+ → a01(b
0
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of the other methods, estimated using transition form factors, such as LCSR, 3PSR and CLFQM are also reported.
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FIG. 7: The θK dependence of differential branching ratios of the semileptonic D(s) → K1(1270)ℓν and D(s) → K1(1400)ℓν
transitions with their uncertainly bands.
The θK dependence of the branching ratio values of D(s) decays into the physical states K1(1270) and K1(1400),
are displaced in Fig. 7; and comparison between our results and other theoretical technics at θK = −(34± 13)◦ are
given in Fig. 8. The D+ → K01 (1270) e+νe decay is searched at the BEPCII collider and its decay branching fraction
is determined to be B(D+ → K01 (1270) e+νe) = (2.30 ± 0.69) [37]. Our branching ratio of D+ → K01 (1270) e+νe
agrees with the experimental measurement when θK = −(36.68± 6.30)◦.
In summary, we calculate theD(s) to axial vector mesons a
−
1 , a
0
1, b
−
1 , b
0
1, K1(1270) andK1(1400) helicity form factors
using the light cone QCD sum rules. The uncertainties of the helicity form factors come from the borel parameter
M2, the charm quark mass mc and Φ⊥ twist-2 light cone distribution amplitude of the axial vector meson. To extend
the LCSR calculations to the full physical region, the extrapolated series expansions are used and the low-lying D
meson resonances with 1+ and 1− quantum numbers were utilized as the dominant poles. Based on the fitted form
factors, predictions for the branching ratios of relevant semileptonic decays were reported and a comparison was made
between our results and other method estimations. Our calculation for branching ratio of D+ → K01(1270) e+νe decay
is in good agreement with the BEPCII collider measurement within errors at the mixing angle θk = −(36.68± 6.30)◦
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−(34± 13)◦.
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Appendix: Twist Function Definitions
In this appendix, we present the definitions for the two–parton LCDAs as well as the twist functions. Two–particle
chiral–even distribution amplitudes are given by [31]:
〈0|q¯α(x) qδ(0)|A(p, ε)〉 = − i
4
∫ 1
0
du e−iup
′.x
{
fAmA
[
6pγ5 ε.x
p.x
Φ‖(u) +
(
6ε− 6pε.x
p.x
)
γ5g
(a)
⊥ (u)
− 6xγ5 ε.x
2(p.x)2
m2Aφb(u) + ǫµνρσε
νpρxσγµ
g
(v)
⊥ (u)
4
]
+ f⊥A
[
1
2
(6p 6ǫ− 6ǫ 6p)γ5Φ⊥(u)− 1
2
(6p 6x− 6x 6p)γ5 ǫ.x
(p.x)2
m2Ah¯
(t)
‖ (u)
+ i
(
ǫ.x
)
m2Aγ5
h
(p)
‖ (u)
2
]}
δα
, (35)
〈0|q¯(x)γµγ5q′(0)|A(p, ε)〉 = ifAmA
∫ 1
0
du e−iup.x
{
pµ
ε.x
p.x
Φ‖(u) +
(
εµ − pµ ε.x
p.x
)
g
(a)
⊥ (u) +O(x2)
}
,
〈0|q¯(x)γµq′(0)|A(p, ε)〉 = −ifAmA ǫµνρσενpρxσ
∫ 1
0
du e−iu p.x
{
g
(v)
⊥ (u)
4
+O(x2)
}
, (36)
also, two–particle chiral–odd distribution amplitudes are defined by:
〈0|q¯(x)σµνγ5q′(0)|A(p, ε)〉 = f⊥A
∫ 1
0
du e−iup
′.x
{
(εµpν − ενpµ)Φ⊥(u) + m
2
A ε.x
(p.x)2
(pµxν − pνxµ)h¯(t)‖ +O(x2)
}
,
〈0|q¯(x)γ5q′(0)|A(p, ε)〉 = f⊥Am2A(ε.x)
∫ 1
0
du e−iup.x
{
h
(p)
‖ (u)
2
+O(x2)
}
. (37)
In these expressions, fA and f
⊥
A are decay constants of the axial vector meson A. We set f
⊥
A = fA in µ = 1 GeV,
such that we have
〈0|q¯(0)σµνγ5q′(0)|A(p, ε)〉 = aA0 fA (ǫµpν − ǫνpµ), (38)
where a⊥0 refers to the zeroth Gegenbauer moments of Φ⊥. It should be noted that fA is scale–independent and
conserves G-parity, but f⊥A is scale–dependent and violates G-parity.
We take into account the approximate forms of twist-2 distributions for the A = a1,K1A states to be [26]
Φ‖(u) = 6uu¯
[
1 + 3a
‖
1 ξ + a
‖
2
3
2
(5ξ2 − 1)
]
, (39)
Φ⊥(u) = 6uu¯
[
a⊥0 + 3a
⊥
1 ξ + a
⊥
2
3
2
(5ξ2 − 1)
]
, (40)
and for the A = b1,K1B to be
Φ‖(u) = 6uu¯
[
a
‖
0 + 3a
‖
1 ξ + a
‖
2
3
2
(5ξ2 − 1)
]
, (41)
Φ⊥(u) = 6uu¯
[
1 + 3a⊥1 ξ + a
⊥
2
3
2
(5ξ2 − 1)
]
, (42)
where ξ = 2u− 1.
For the relevant two-parton twist-3 chiral-even LCDAs, we take the approximate expressions up to conformal spin
9/2 and O(ms) [26]:
13
g
(a)
⊥ (u) =
3
4
(1 + ξ2) +
3
2
a
‖
1 ξ
3 +
(
3
7
a
‖
2 + 5ζ
V
3,A
)(
3ξ2 − 1)
+
(
9
112
a
‖
2 +
105
16
ζA3,A −
15
64
ζV3,Aω
V
A
)(
35ξ4 − 30ξ2 + 3)
+5
[
21
4
ζV3,Aσ
V
A + ζ
A
3,A
(
λAA −
3
16
σAA
)]
ξ(5ξ2 − 3)
− 9
2
a¯⊥1 δ˜+
(
3
2
+
3
2
ξ2 + lnu+ ln u¯
)
− 9
2
a¯⊥1 δ˜− (3ξ + ln u¯− lnu), (43)
g
(v)
⊥ (u) = 6uu¯
{
1 +
(
a
‖
1 +
20
3
ζA3,Aλ
A
A
)
ξ
+
[
1
4
a
‖
2 +
5
3
ζV3,A
(
1− 3
16
ωVA
)
+
35
4
ζA3,A
]
(5ξ2 − 1)
+
35
4
(
ζV3,Aσ
V
A −
1
28
ζA3,Aσ
A
A
)
ξ(7ξ2 − 3)
}
− 18 a¯⊥1 δ˜+ (3uu¯+ u¯ ln u¯+ u lnu)− 18 a¯⊥1 δ˜− (uu¯ξ + u¯ ln u¯− u lnu), (44)
h
(t)
‖ (u) = 3a
⊥
0 ξ
2 +
3
2
a⊥1 ξ(3ξ
2 − 1) + 3
2
[
a⊥2 ξ + ζ
⊥
3,A
(
5− ω
⊥
A
2
)]
ξ (5ξ2 − 3)
+
35
4
ζ⊥3,Aσ
⊥
A(35ξ
4 − 30ξ2 + 3) + 18a¯‖2
[
δ+ξ − 5
8
δ−(3ξ2 − 1)
]
−3
2
(
δ+ ξ[2 + ln(u¯u)] + δ− [1 + ξ ln(u¯/u)]
)
(1 + 6a¯
‖
2), (45)
h
(p)
‖ (u) = 6uu¯
{
a⊥0 +
[
a⊥1 + 5ζ
⊥
3,A
(
1− 1
40
(7ξ2 − 3)ω⊥A
)]
ξ
+
(
1
4
a⊥2 +
35
6
ζ⊥3,Aσ
⊥
A
)
(5ξ2 − 1)− 5a¯‖2
[
δ+ξ +
3
2
δ−(1− u¯u)
]}
− 3[ δ+ (u¯ ln u¯− u lnu) + δ− (uu¯+ u¯ ln u¯+ u lnu)](1 + 6a¯‖2), (46)
for A = a1,K1A states, and
g
(a)
⊥ (u) =
3
4
a
‖
0(1 + ξ
2) +
3
2
a
‖
1 ξ
3 + 5
[
21
4
ζV3,A + ζ
A
3,A
(
1− 3
16
ωAA
)]
ξ
(
5ξ2 − 3)
+
3
16
a
‖
2
(
15ξ4 − 6ξ2 − 1)+ 5 ζV3,AλVA (3ξ2 − 1)
+
105
16
(
ζA3,Aσ
A
A −
1
28
ζVAσ
V
A
)(
35ξ4 − 30ξ2 + 3)
− 15a¯⊥2
[
δ˜+ξ
3 +
1
2
δ˜−(3ξ2 − 1)
]
− 3
2
[
δ˜+ (2ξ + ln u¯− lnu) + δ˜− (2 + lnu+ ln u¯)
]
(1 + 6a¯⊥2 ), (47)
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g
(v)
⊥ (u) = 6uu¯
{
a
‖
0 + a
‖
1ξ +
[
1
4
a
‖
2 +
5
3
ζV3,A
(
λVA −
3
16
σVA
)
+
35
4
ζA3,Aσ
A
A
]
(5ξ2 − 1)
+
20
3
ξ
[
ζA3,A +
21
16
(
ζV3,A −
1
28
ζA3,Aω
A
A
)
(7ξ2 − 3)
]
− 5 a¯⊥2 [2δ˜+ξ + δ˜−(1 + ξ2)]
}
− 6
[
δ˜+ (u¯ ln u¯− u lnu) + δ˜− (2uu¯+ u¯ ln u¯+ u lnu)
]
(1 + 6a¯⊥2 ), (48)
h
(t)
‖ (u) = 3ξ
2 +
3
2
a⊥1 ξ(3ξ
2 − 1) +
[
3
2
a⊥2 ξ +
15
2
ζ⊥3,A
(
λ⊥A −
1
10
σ⊥A
)]
ξ(5ξ2 − 3)
+
35
4
ζ⊥3,A(35ξ
4 − 30ξ2 + 3)
+
9
2
a¯
‖
1 ξ
[
δ+ (lnu− ln u¯− 3ξ)− δ−
(
lnu+ ln u¯+
8
3
)]
, (49)
h
(p)
‖ (u) = 6uu¯
{
1 + a⊥1 ξ +
(
1
4
a⊥2 +
35
6
ζ⊥3,A
)
(5ξ2 − 1)
+ 5ζ⊥3,A
[
λ⊥A −
1
40
(7ξ3 − 3)σ⊥A
]
ξ
}
− 9a¯‖1 δ+ (3uu¯+ u¯ ln u¯+ u lnu)− 9a¯‖1 δ−
(
2
3
ξuu¯+ u¯ ln u¯− u lnu
)
, (50)
for A = b1,K1B states. where
δ˜± =
f⊥A
fA
mq2 ±mq1
mA
, ζ
V (A)
3,A =
f
V (A)
3A
fAmA
. (51)
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